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ELECTRONIC DEVICE AND METHOD 
FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an electronic 
device and a method for producing the same. In more 
detail, the present invention relates to an electronic 
device such as a semiconductor integrated circuit, a 
semiconductor device or a surface acoustic wave (SAW) 
device, and a method for producing the same. 

2. Description of the Related Art 

Various electronic devices comprise patterned 
electrodes or metallization on a substrate. For example, 
in the case of a surface acoustic wave device, an 
aluminum electrode is formed on a single crystal 
piezoelectric substrate by a reactive ion etching (RIE) . 
More specifically, as shown in FIGs. 1A and IB, a surface 
of an electrode film 2 provided on a single crystal 
piezoelectric substrate 1 is covered with a photoresist 

3. and the electrode film 2 is selectively etched using a 
chlorine-based gas such as Cl 2 or BC1 3 and a patterned 
photoresist 3 as a mask. However, the electrode film 2 
is not always completely removed and is sometimes left 
behind on the single crystal substrate 1 owing to 
heterogeneous distributions of the film thickness of the 
electrode film 2 or reactive ion etching rate on the 
surface of the single crystal substrate 1 as shown in 
FIG. 1A. A residue eliminating process called over- 
etching becomes therefore inevitable in order to 
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completely remove the electrode film 2 without leaving 
any residue behind. As shown in FIG. IB, an over- etching 
treatment by 5 to 50% excess of the overall etching time 
under the same etching condition is applied in the over- 
5 etching method, thereby slightly etching into the single 

crystal substrate 1. 

However, the portions where the electrode film 
2 has been removed and the single crystal substrate 1 has 
been exposed to chlorine plasma during the over-etching 

10 become exposed. Consequently, the single crystal 

substrate 1 is damaged, forming damaged layers 4 as shown 
in FIG. 2, thereby deteriorating characteristics of the 
acoustic surface wave device. 

It has been a common view that the cause of the 

15 substrate damage due to over-etching as described above 

is a physical damage caused by impact of ions colliding 
with the substrate during the reactive-ion etching. 
Accordingly, the substrate damage due to ion irradiation 
has been suppressed by the following methods: (1) 

2 0 reducing the ion irradiation energy; (2) improving 

homogeneity of the ion etching rate; and (3) detecting 
the etching terminal point with high precision. However, 
it was impossible to completely inhibit the damage of the 
substrate by the conventional method, although it can be 
25 reduced. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method 
that can solve the aforementioned problem and reduce the 
damage of the substrate by the reactive ion etching 

3 0 during production of an electronic device. The present 

invention is also directed to an electronic device 
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prepared by the method and having a excellent device 
characteristics due to less substrate damage. 

An electronic device comprises: a support 
selected form the group consisting of a single crystal 
5 substrate, single crystal film, triaxial orientation film 

or uniaxial orientation film; a lower electrode layer 
comprising a material capable of reactive- ion etching 
with a fluorine-based gas and formed on the support; and 
an upper electrode layer comprising a material capable of 

10 reactive- ion etching with a chlorine-based gas and formed 

on the lower electrode layer. 

The method for manufacturing an electronic 
device, comprises the steps of: forming a base film 
comprising a material capable of reactive- ion etching 

15 with a fluorine-based gas, on e.g., either a single 

crystal substrate, single crystal film, triaxial 
orientation film or uniaxial orientation film; forming a 
thin film comprising a material capable of reactive-ion 
etching with a chlorine-based gas, on the base film; 

2 0 etching the thin film by reactive ion etching with a 

chlorine-based gas using a mask having a predetermined 
pattern; and etching the base film exposed by the etched 
thin film by a reactive ion etching with a gas containing 
the fluorine-based gas. 
25 The base film or lower electrode layer 

preferably contains at least one element selected form 
the group consisting of Si, Mo, W, B, C, S and Ta and has 
a thickness of about 0.5 nm to 1000 nm. The support may 
comprise a piezoelectric material. 

3 0 For the purpose of illustrating the invention, 

there is shown in the drawings several forms which are 
presently preferred, it being understood, however, that 
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the invention is not limited to the precise arrangements 
and instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGs. 1A and IB are cross sectional views 
5 showing the reactive ion etching steps using a chlorine- 

based gas in the conventional art. 

FIG. 2 is a cross sectional view of a substrate 

damaged by over-etching. 

FIGs. 3A to 3F are cross sectional views 
10 showing the electrode forming steps according to one 

O embodiment of the present invention. 

J! 

**• 'i 

%l DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

jB The inventor of the present invention have 

found, through collective studies, that the damage of the 
yJ 15 substrate is not simply caused by physical damage due to 

collision of ions onto the substrate, but is caused by a 
m diffusion of chlorine species (ions, atoms, molecules or 

g chlorine radicals) into the substrate. According to the 

p study, it is thought that chlorine is diffused into the 

M 2 0 substrate by exposing the surface of the substrate to the 

chlorine ions during the reactive ion etching and 

destroys or impairs the crystallinity of the substrate. 

As a result, various properties which were appeared due 

to high crystallinity, such as piezoelectric properties, 
25 dielectric properties, pyroelectric properties, 

semiconductor properties, magnetic properties or the like 

are caused to degrade . 

The method and the electronic device according 
to the present invention were based on the facts found by 
3 0 the inventors of the present invention, providing an 

electronic device in which a lower electrode layer 
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comprising a material capable of reactive ion etching 
with a fluorine-based gas is formed on a single crystal 
substrate or single crystal film, or on a triaxial or 
uniaxial orientation film, and an upper electrode layer 
5 comprising a material capable of reactive ion etching 

with a chlorine-based gas being formed on the lower 
electrode layer. Functional single crystal materials 
such as piezoelectric materials, dielectric materials, 
pyroelectric materials, semiconductors materials and 
10 magnetic materials are used for the single crystal 

substrate or single crystal film, or for the triaxial or 
uniaxial orientation film depending on the kind of the 

electronic device . 

According to the study by the inventor, the 
15 present invention is more preferably applied to an 

surface acoustic wave device having a piezoelectric 
substrate or film made of a material such as LiTa0 3 , 
LiNb0 3 , Li 2 B 4 0 7 , quartz or La 3 Ga 5 Si0 14 (Langasite) and the 
manufacturing method thereof. This is because these 

2 0 materials are susceptible to chlorine diffusion by the 

reactive ion etching to result in degradation of the 
piezoelectric properties. 

The chlorine-based gas used for the reactive 
ion etching refers to a gas containing chlorine, for 
25 example a gas containing at least one of Cl 2 , BC1 3 , SiCl 4 , 

CC1F 3 , CHC1F 2 , CC1 2 F 2/ CHCl 2 F, CHCl 3 , CCl 3 F and CH 2 C1 2 . On 
the other hand, the thin film formed on the single 
crystal substrate or single crystal film, or on the 
triaxial or uniaxial orientation film may be a conductive 

3 0 material or semiconductor containing at least one element 

capable of reactive ion etching with a chlorine-based 
gas, examples of which include at least one element among 
Al, Cu, Ti, Cr, Ga, As, Se, Nb, Ru, In, Sn, Sb, Ta and Au. 
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The electronic device is produced by forming a 
base film comprising a material capable of reactive 
etching with a fluorine-based gas and a thin film 
comprising a material capable of reactive etching with a 
5 chlorine-based gas on the single crystal substrate or 

single crystal film, or on the triaxial or uniaxial 
orientation film, followed by etching the thin film by 
reactive ion etching with a gas containing a chlorine- 
based gas, the base film exposed from the thin film being 

10 further subjected to the reactive ion etching with a gas 

containing a fluorine-based gas. 

Since the base film capable of reactive ion 
etching with the fluorine-based gas is formed under the 
thin film, the reactive ion etching with a gas containing 

15 the chlorine-based gas is stopped when the base film is 

completely exposed in the etching area while applying the 
reactive ion etching with a gas containing the chlorine- 
based gas. The process described above allows chemical 
damage of the single crystal substrate or single crystal 

2 0 film, or of the triaxial or uniaxial orientation film 

with chlorine to be prevented. 

For exposing the single crystal substrate or 
single crystal film, or the triaxial or uniaxial 
orientation film by removing the substrate layers, the 

2 5 thin film exposed by the reactive ion etching with a gas 

containing the chlorine-based gas is removed by the 
reactive ion etching with a gas containing the fluorine- 
based gas. 

According to the studies by the inventors of 

3 0 the present invention, it was made clear that crystals in 

the single crystalline substrate or single crystalline 
film are not subjected to chemically damage when fluorine 
(ions, molecules, atoms or radicals of fluorine) is used. 
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Accordingly, the single crystalline substrate or single 
crystal film is not damaged when the exposed substrate 
layer is further etched by the reactive ion etching with 
a gas containing the fluorine-based gas to expose the 
5 single crystal substrate or single crystal film, or to 

expose the triaxial or uniaxial orientation film, making 
it possible to stabilize device characteristics. 

Since the damage of the substrate by the 
reactive ion etching had been considered to be a physical 

10 damage in the conventional view, the same sort of damage 

was also considered to be caused irrespective of the kind 
of gas. Accordingly, it was impossible in the prior art 
to completely suppress the damage of the substrate, 
through it may be somewhat reduced. In the method 

15 according to the present invention, on the contrary, 

damage of the substrate by the reactive ion etching can 
be prevented, enabling one to improve the characteristics 
of the electronic device. 

The substrate capable of reactive ion etching 

2 0 with the fluorine-based gases contains at least one 

element among Si, Mo, W, B, C, S and Ta with a preferable 
film thickness of about 0 . 5 to 1000 nm and more 
preferably about 1-50 0 nm. The substrate with a 
thickness of thinner than about 0 . 5 nm may be perforated 
25 by the reactive ion etching with the chlorine-based gas 

while, when the thickness is larger than about 1000 nm, 
the processing time is prolonged or the processing 
accuracy is decreased. 

The fluorine-based gas to be used for the 

3 0 reactive ion etching of the substrate may contain at 

least one kind of the gas among CF 4 , CHF 3 , F 2 , NF 3 , CC1F 3 , 
C 2 F 6 , CBrF 3 , CH 2 F 2 , CHC1F 2 , C 3 F 8 , CCl 2 F 2 , C 4 F 8 , CHCl 2 F, CBr 2 F 2 
and CC1 3 F. 
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Hereinafter, a preferred embodiment of the 
present invention will be described in more detail with 
reference to the attached drawings using the acoustic 
surface wave device as an example. As shown in FIG. 3A, 
5 a base film 12 made of tungsten with a thickness of 10 nm 

is at first deposited by sputtering on a single 
crystalline LiTa0 3 substrate with a diameter of three 
inches. While the base film 12 is not exposed to the air 
(by keeping a vacuum in the sputtering apparatus) , an 

10 electrode film 13 with a thickness of 100 nm consisting 

of Al containing 1% by weight (wt%) of Cu (referred to 
Al-lwt%Cu hereinafter) is deposited by sputtering on the 
base film 12 as shown in FIG. 3B. Then, an Al-lwt%Cu 
photoresist is coated on the electrode film 13 followed 

15 by forming a resist pattern 14 with a line width (L/S) of 

0.5 fim and film thickness of 1 /an by forming a pattern of 
the photoresist by a photolithography process as shown in 
FIG. 3C. 

The electrode film 13 is removed by the 
20 reactive ion etching using the resist pattern 14 as a 

mask. The first reactive ion etching step is carried out 
with a parallel plate RIE apparatus using a mixed gas 
with a composition of (BC1 3 + Cl 2 + N 2 ) . It is needless 
to say that a high density plasma source such as ICP, ECR 
25 and Helicon may be used instead of the parallel plate RIE 

apparatus. An over-etching time corresponding to 30% of 
the overall etching time was used for the first reactive 
ion 'etching step. The electrode film 13 consisting of 
Al-lwt%Cu is thus dry-etched, obtaining the lower 
3 0 electrodes with a prescribed pattern as shown in FIG. 3D. 

Since the etching rate of the base film 12 made 
of tungsten with the chlorine-based gas (chlorine plasma) 
is one tenth or less slower than the etching rate of the 
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electrode film 13 consisting of Al-lwt%Cu, the base film 
12 is hardly etched. Accordingly, residues of the 
electrode film 13 is completely removed by the sufficient 
over-etching treatment. Since the LiTa0 3 substrate 11 is 
5 not exposed at the portions where the electrode film 13 

is removed, the LiTa0 3 substrate 11 is protected with the 
base film 12 to prevent the plate from being damaged when 
the reactive ion etching with a mixed gas containing the 
chlorine-based gas is applied. 

10 After completely evacuating the mixed gas of 

(BC1 3 + Cl 2 + N 2 ) from the chamber of the RIE apparatus 
and before exposing the LiTa0 3 substrate 11 to the air, 
it is subjected to the reactive ion etching with the 
fluorine-based gas to remove the base film 12 as shown in 

15 FIG. 3E. The reactive ion etching in the second step is 

applied with the parallel plate RIE apparatus using a 
mixed gas of CF 4 + 0 2 . The over-etching time also 
corresponded to 30% of the overall etching time. The 
base film 12 is thus dry-etched, giving a pattern of the 

2 0 lower electrode 16 with the same configuration as that of 

the upper electrode 15 as shown in FIG. 3E. 

When the substrate layer 12 is removed to 
completely expose the LiTa0 3 substrate 11, residues of 
the substrate layer 12 can be thoroughly removed by a 

25 sufficient over-etching treatment since the LiTa0 3 

substrate 11 is not chemically damaged with the mixed gas 
with a composition of CF 4 + 0 2 . 

A comb-teeth shaped dual layer electrode 
consisting of the lower electrode 16 (tungsten) and upper 

30 electrode 15 (Al-lwt%Cu) as shown in FIG. 3F is obtained 

by washing after removing the resist pattern 14 with a 
resist peeling solution. This substrate (mother board) 
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is cut-off, assembled and wired to obtain the acoustic 

surface wave device. 

As hitherto described, good device 
characteristics can be obtained in the foregoing 
embodiment irrespective of applying a sufficient over- 
etching treatment in the first and second reactive ion 
etching steps. In the conventional art, on the other 
hand, the substrate is chemically damaged with the 
chlorine plasma when subjected to an over-etching 
treatment of as large as 3 0%, resulting in severe 
deterioration of the device characteristics (such as 

insertion loss) . 

While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it 
is understood that the scope of the invention is not to 
be limited except as otherwise set forth in the claims. 



